. Metal pollution has decreased in recent years, but the enrichment of heavy metals has been observed to be relatively high, especially in the uppermost 3-6 cm of the core sample from the Sürmene sampling station, which has been polluted by mining activities. In addition, factor analysis revealed that the coastal sediments from the Eastern Black Sea were influenced by several sources, namely lithogenic and anthropogenic activities (mining, wastewater discharging, agriculture).
Introduction
Metals are among the most harmful pollutants in the aquatic environment. Since many of them possess toxic effects and are bioavailable, their concentrations have been determined in a large number of studies (Chatterjee et al., 2007; Cukrov et al., 2011) . Sediments are one of the major transporters of metals to the aquatic environment and they are known to be a reservoir, an integrator, and an amplifier material (Abubakr, 2008; Chatterjee et al., 2007; Cukrov et al., 2011; Windom et al., 1998) . Anthropogenic inputs constitute a major source of metals, especially near coastal sediments. It is important to determine whether metals in sediments are of natural or of anthropogenic origin (Cukrov et al., 2011; Rodriguez et al., 2006; Sakellaria et al., 2011) . The evaluation of metal pollution in a marine sediment can be assessed in a number of ways. These include the enrichment factor (EF), which is used as an index to determine anthropogenic influences of metals in sediment, the geoaccumulation index (I geo ), which is used to calculate the enrichment of metal concentrations above background or baseline concentrations, and the metal pollution index (MPI), which is used to compare total metal concentrations at different sampling sites. Sampling of sediment cores may be used to determine historical pollution levels (Ergül et al., 2008; Harikumar and Nasir, 2010; Rodriguez et al., 2006) .
The Black Sea is a semi-enclosed basin and has the largest volume of anoxic water in the world. Metal contaminants reach the Black Sea via rivers or through the direct discharge of municipal, industrial, agricultural (Altas and Buyukgungor, 2007; Ergül et al., 2008; Guieu et al., 1998; Secrieru and Secrieru, 2002; Topcuoglu et al., 2002) , and especially mining wastes (Akçay and Moon, 2004) . In addition, the Black Sea metal pollution levels are affected by oil and pollutants of atmospheric origin (Ergül et al., 2008) . Windom et al. (1998) found that coastal areas of many of the countries bordering the Black Sea, particularly in the northeastern region, had sediments that were enriched in metals. The elemental enrichments vary from area to area and the spatial coverage of the various surveys is insufficient to assess the extent of this coastal contamination.
There is a history of mining in Pontus, which is covered by the study area. The main source of metals in Pontus is volcanic massive sulphide (VMS) and, in particular, there are important ore beds in close proximity to the coastline. These are the most important potential sources of pollution related to mining (Akçay and Moon, 2004) .
Although the Southeastern Black Sea is not a region containing large amounts of industrial waste, the presence of natural ore beds, an abundance of river resources, and the discharge of untreated urban effluents make the topic of this study important.
The main purpose of the present work is to (1) elucidate the accumulation and contamination degree of metals along the core samples, which historically have been affected by agricultural, domestic, and industrial wastewater and especially mining activities; (2) identify the background levels of metals in the Southeastern Black Sea sediments; (3) estimate the enrichments of metals; and (4) evaluate any similarities or differences at each of the sampling stations.
Materials and Methods

Sampling Area
Sediment core samples were collected along Turkey's coastline between Trabzon and Rize in the Southeastern Black Sea in October and November 2010. Six different sampling sites were chosen, covering a distance of about 120 km, with the distance between each station being approximately 20 km (Figure 1 ). Sampling stations were selected according to the position of the pollutant sources. Yomra station was selected because of its marine aquaculture, Arsin was selected because it is closer to an industrial area, and Rize was selected because it is closer to the city center and to the harbor. The station at Of was selected because of its position near the discharge of the Solaklı andİyidere streams. Sürmene was chosen because it is close to a shipyard as well as an abandoned mining area. This mining area contained one of the important volcanogenic massive sulfide (VMS) deposits in Turkey and was named the Kutlular mine. It is located approximately 4 km south of the Black Sea coastline and 14 km to the east of Sürmene (Trabzon) in the northeastern region of Turkey (Abdioglu and Arslan, 2009; Akçay and Moon, 2004) . Ç ayeli was selected as a sampling station because it is located near the deep-sea discharge system of another mining industry. Depths of the stations varied between 47 and 54 meters and the stations' distance to the shore was in the range 1.23-1.61 km. In addition, surface sediment samples were taken from 17 stations, close to the discharge of the Gökçesu stream in Sürmene Bay. These sites would enable a spatial distribution of copper concentrations to be determined as well as the temporal distributions obtained from the other sites.
Sediment Sampling and Metal Analysis
Core samples were collected using a sediment corer equipped with PVC tubes (50 cm length and 5 cm diameter). The samples were immediately placed in a deep freeze and preserved at −20
• C until analysis. In this study, the average concentrations of metals in the bottom 5 cm of most cores were determined. Sediments from these depths were formed many years previously, and so the data from these were used as the baseline values. For Arsin and Yomra, these sediments were between 10 and 15 cm deep, whereas for the other stations these were at a depth below 20 cm. Metal enrichment determinations were performed on the top 10 cm of each sediment core sample. This was because, for some of the stations, the sediment sample core only had a maximum of 15 cm depth.
Metals in sediment are mostly associated with the fine sediment fraction because of the high surface area and humic substance. Therefore, the sediments were sliced at 1 cm intervals, wet sieved through a mesh with pore diameter 63 µm (Förstner and Salamon, 1980; Chatterjee et al., 2007; Reddy et al., 2004; European Union, 2010; United Nations Environment Programme, 2006; Pekey et al., 2004) , and then dried at 60
• C until constant weight. Surface sediments were collected with an Ekman Grab sampling device.
Microwave digestion is one of the preferred techniques for the preparation of solid samples such as soil and sediments prior to instrumental detection by AA, ICP-AES, and ICP-MS (Tuzen et al., 2004) . Samples were homogenized using a pestle and mortar, then digested in a closed vessel device using temperature-control microwave heating. Approximately 0.5 g of homogenized sediment samples were taken and digested with 6 mL of HNO 3 (65%), 1 mL of H 2 O 2 (30%), and 1 mL of HClO 4 (65%) according to the digestion application procedure for sea sediment (Milestone DG-EN-34). All chemicals were purchased from Merck (Darmstadt, Germany). A microwave heating system (Milestone Ethos 1, Italy) was used for the digestion at 200
• C for 30 minutes. Digested sediment samples were allowed to cool, filtered, and then diluted to 25 mL using deionized water (Barnstead Easypure, USA). Blanks were prepared using the same digestion procedure, but omitting the sample. The same microwave digestion procedure was also applied to the preparation of a certified sea sediment reference material (MESS 3, National Research Council, Canada), which was analyzed to determine the accuracy of the method. The heavy metal concentrations were found to be between 92 and 107% of certified values. A Varian (Bruker) 820 ICP-MS instrument (Melbourne, Australia) utilizing a Collision Reaction Interface (CRI) was used for the analysis of digested sediment samples. In addition, matrix matching of the standards with relevant concentrations of the digestion acids was undertaken during the dilution steps. Concentrations of the selected metals were calculated as mg kg −1 dried weight.
Calculations of Metal Enrichments
The calculation of enrichment factor is one of the most preferred approaches to assess anthropogenic effects on sediment quality. In the applications already in the literature, Al (Chatterjee et al., 2007; Fang et al., 2009; Fernandes et al., 2011; Hung and Hsu, 2004; Reddy et al., 2004; Windom et al., 1998) , Fe (Abrahim and Parker, 2008; Cukrov et al., 2011; Feng et al., 2011), or Mn (Abrahim and Parker, 2008; Qi et al., 2010) are generally used as reference metals. Enrichment Factor (EF) can be calculated as:
where Me Al sample is the metal/aluminum ratio in the samples assumed to be contaminated and Me Al background is measured ratio at a site known to be pristine. Sediment quality classes were evaluated using the EF value. EF < 2 indicates deficiency to low enrichment; 2 < EF < 5 is moderate enrichment; 5 < EF < 20 is significant enrichment; 20 < EF < 40 is very high enrichment; and EF > 40 is extremely high enrichment (Cukrov et al., 2011; Feng et al., 2011; Lianfeng et al., 2010) . An EF value of 1 means that a particular element is of natural origin; an EF value above 1.5 indicates that there are both natural processes and anthropogenic impacts on the sediment. Values of EF of 0.5 and lower are indicative of either mobilization and loss of this element relative to the reference element or an overestimation of the reference metal contents (Duan et al., 2010; Fang et al., 2009; Fernandes et al., 2011; Hung and Hsu, 2004) . Calculation of the geo-accumulation index (I geo ), originally introduced by Müller (1979) , is an approach to estimate the enrichment of metal concentration. The value of I geo can be calculated using Equation (2) below:
where C n is the concentration of the element in the contaminated or enriched sample and B n is the background/baseline or pristine value of the element. A factor of 1.5 is used as a background matrix correction factor due to lithogenic effects (Abrahim and Parker, 2008; Chatterjee et al., 2007; Cukrov et al., 2011; Feng et al., 2011; Lianfeng et al., 2010; Reddy et al., 2004) . Müller (1979) defined seven classes of the geo-accumulation index: class 0 (I geo ≤ 0; uncontaminated), class 1 (I geo = 0-1; uncontaminated to moderately contaminated), class 2 (I geo = 1-2; moderately contaminated), class 3 (I geo = 2-3; moderately to strongly contaminated), class 4 (I geo = 3-4; strongly contaminated), class 5 (I geo = 4-5; strongly to extremely contaminated), and class 6 (I geo > 5; extremely contaminated). The highest class (class 6) reflects at least 100-fold enrichment above the background level of a metal (Cukrov et al., 2011; Feng et al., 2011) .
The Metal Pollution Index (MPI) does not compare the contaminants with any baseline or guidelines and there is no threshold classification from unpolluted to high pollution. However, it is an index that may be used to emphasize the differences of concentration (Caeiro et al., 2005) .
where M n is the concentration of metal n expressed as mg kg −1 dry weight.
Statistical Analysis
Principal Component Analysis (PCA) applied with the Varimax rotation was used to analyze the analytical data to identify sources of heavy metals in coastal sediments. By extracting the eigenvalues and eigenvectors from the correlation matrix, the number of significant factors and the percent variance explained by each of them were calculated using the software package Statistica v 8.0. One-way analysis of variance (ANOVA) followed by Tukey's multiple comparison test was employed to test any significant differences in metal concentrations between the different sites at the p ≤ 0.05 levels. Basic statistics as well as cluster and variance analysis were conducted using Statistics for Windows Ver. 8.0 (Statsoft Inc., USA).
Results
Minimum, maximum, and average metal concentrations of sediment core samples, average continental crust (Taylor and Mclennan, 1995) , average shale (Wedepohl, 1968) , and interim sediment quality values (Simpson et al., 2005) are given in Table 1 . The greatest Cr, Mn, Co, Cu, Zn, As, Pb, and Cd concentrations were measured from the Sürmene station, whereas the maximum Ni and Mn concentrations were found at the Arsin and Rize stations, respectively. Statistically significant differences in metal concentrations between the sampling stations (p < 0.05) were found and these differences were identified with the letters a, b, c, d in the columns of Table 1 for each metal. A post-hoc Tukey test showed that significantly higher concentrations of Cu, Zn, Pb, Cd, and As were present at the Sürmene station compared with the other stations. The concentration of nickel has the highest variability Table 1 Minimum, maximum, and average metal concentrations (mg kg Table 1 Minimum, maximum, and average metal concentrations (mg kg 
Vertically, letters a, b, c, d
show differences among the stations (p < 0.05). between the stations, with four different groups being identified. Although the highest Cr concentrations were found at the Sürmene station, they were not statistically different from those found at the Arsin and Yomra stations. The Cr concentrations at Sürmene were, however, significantly higher than those found at the Of, Rize, and Ç ayeli stations. Table 2 shows the concentrations of the analytes in the "pristine" sediment for each station (i.e., that found at sufficient depth to not have been influenced by anthropogenic input). These values were used to calculate enrichment factor for metals background values. For all stations, average values were determined to be as follows (mg kg −1 ): Cr: 18.5 ± 7.1, Mn: 400 ± 134, Co: 9.4 ± 1.7, Ni: 13.8 ± 6.2, Cu: 31.8 ± 9.4, Zn: 70.2 ± 13.8, As: 7.1 ± 3.1, Cd: 0.30 ± 0.04, and Pb: 22.4 ± 4.6.
Metal enrichment factors for Ni, Co, Cd, Pb, Cr, As, Zn, and Cu are shown in Figures 2 and 3. The maximum enrichment levels were found at a depth of 4 cm at the Surmene station. These enrichment factors were found to be moderate for Co; significant for Cr, Cd, Pb; very high for Zn and As; and extremely high for Cu. At the Rize station, only Cr reached moderate enrichment levels and that was at a depth of 8-9 cm. All of the metal concentrations obtained from the other stations were found to have an enrichment factor under 2, indicating a low enrichment factor (Figures 2 and 3) .
According to the I geo index calculated for the analytes at each station, metal enrichment levels were moderately contaminated for Cd (4 cm), moderately to strongly contaminated for Cr and Pb (4 cm), strongly contaminated for Zn and As (4 cm), and strongly to extremely contaminated for Cu (4 cm) at the Sürmene station. The Cr enrichment level was found to be moderate (8-9 cm) at the Rize station. The highest enrichment level was found to be for Cu using both EF and I geo evaluation. For the Sürmene station, the metal enrichment levels followed the order Cu > Zn > As > Cr > Pb > Co > Mn > Ni. The results obtained enabled the identification of two main groups, and while other sampling sites are classified in the same group, the Sürmene station is grouped separately in terms of the MPI.
Since copper was identified as having the highest level of enrichment in surface sediments at the Sürmene station, a spatial study was undertaken. The 17 sampling sites along with the associated copper concentrations found are shown in Figure 4 . The nearshore stations, which are influenced by the Gökçesu stream discharge and the shipyard, are identified as containing over 3000 mg kg −1 of copper in the surface sediment. In this study, factor analysis was performed using metal concentrations at all depths in core samples. The results of the factor loadings with a varimax rotation, the eigenvalues, and communalities are listed in Table 3 . As a result of factor analysis, although five factors were identified, there are only two factors with an eigenvalue above 1, and these two factors alone explain 84.8% of the total variance. As shown in Table 1 , the average Cr and Mn concentrations from nearly all of the stations are lower than the average continental crust and shale values. The exceptions were for Mn at the Rize station and Cr at the Sürmene stations, which are both higher than the average continental crust value. Average Co concentrations at the Arsin, Rize, and Sürmene stations are higher than the average continental crust value, but are all lower than the average shale value. In this study, average Cu and Zn concentrations of sediment core samples from nearly all stations are higher than the average continental crust values. The exception is for Zn at the Of station. In addition, the average Cu and Zn concentrations at the Sürmene and Ç ayeli stations are higher than the average continental shale value. High Cu and Zn concentrations at the Sürmene, Rize, and Ç ayeli stations are associated with the abundance of copper mines in the region (Akçay and Moon, 2004; Karaçam et al., 2001) .
The Pb concentrations at all stations except Rize are higher than both the average continental crust and average shale values. Although average Cd levels at all of the stations investigated are higher than the average continental crust values, only the Sürmene station was found to have a higher Cd concentration than the average shale value.
The metal analysis results of the sediment core samples were compared with Recommended Sediment Quality Guidelines values (Simpson et al., 2005) . All of the maximum (Table 1) . Since concentrations of Cu, Zn, and As at the Sürmene station were high compared with the ISQG-High category, there is a necessity to determine the concentrations of these metals in biota from this region. A recent study by Alkan et al. (2012) established metal levels in whiting and red mullet caught in Sürmene Bay. The levels of these metals in the biota were within the allowable limits in terms of human health. This is because the very polluted sediments arising from past industry in the Sürmene region have been covered by less contaminated, more recent sediments. This study has been undertaken in sediment cores from the eastern Black Sea coast. Until now, there have not been any studies of temporal variation of metal levels in sediment cores from this region published in the scientific literature. However, spatial studies of the average metal levels in surface sediments have been conducted by numerous research groups (Altas and Buyukgungor, 2007; Cagatay et al., 1987; Ergül et al., 2008; Sur et al., 2012; Topcuoglu et al., 2002; Yücesoy and Ergin, 1992) . In addition, there has not been any research related to Mn and Co levels in sediments of the Eastern Black Sea coast prior to this study (Table 1) . The results of the metal levels in sediments determined during similar studies (Abrahim and Parker, 2008; Chatterjee et al., 2007; Fang et al., 2009; Güven and Akıncı, 2008; Wang et al., 2011) in the other seas are summarized in Table 1 .
In general, the Cr values determined in this study are lower than the values reported in previous studies conducted in sediments from the Black Sea and from other seas. However, the maximum concentration measured at the Sürmene station is higher than the values determined in Yomra Bay, Trabzon, Turkey (Ergül et al., 2008) , Eastern Black Sea, Turkey (Topcuoglu et al., 2002) , Bengal Bay, India (Chatterjee et al., 2007) , Western Bohai Bay, China (Fang et al., 2009), and Xugou, Lianyungang, China (Wang et al., 2011) . In general, the Cu and Zn levels found at the stations are similar to values measured in other studies. However, the maximum Cu and Zn concentrations determined at the Sürmene station are significantly higher than values determined during previous studies conducted in the Black Sea and other seas. The Ni concentrations are similar to values determined during other studies. Concentrations of Cd and Pb measured in the study are similar to those reported by many other studies, given in Table 1 , although they are significantly higher than those reported by Ergül et al. (2008) and Topcuoglu et al. (2002) . Only one previous study has been undertaken with regard to the arsenic levels in sediments of Yomra Bay by Ergül et al. (2008) , with the results reported being similar to those determined during the present study.
Natural contamination (weathering + erosion) arising from the Pontide sector may contribute to particularly high levels of Cu and Zn in the sediments of the region. However, significantly higher metal values at the Sürmene station compared with other stations can be ascribed to anthropogenic activity (e.g., mining), although the whole coastline is rich in VMS. Abandoned mines are a significant environmental threat because of the acid mine drainage (Lu et al., 2012; Sims et al., 2013) . Based on enrichment factor, metal enrichment had occurred at the Sürmene station, especially over the last two or three decades. According to EF values, the most significant pollutants at Sürmene are Cu, Zn, As, Cr, and Pb, respectively. A flotation plant of the mining industry (indicated as a symbol in Figure 1 ) is 1 km south of the coastline and the crude ore was transferred through a pipeline. The plant was operated for approximately 10 years (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) without pretreatment of the mining waste (Karaçam et al., 2001) . Metals in any waste, in the unmined wall rocks, and any tailings are leached into the drainages. Acid mine drainage is developed for the whole length of the Gökçesu River, which was discharged into the neritic zone of the Black Sea. Besides Fe, Cu, and Zn, which form major components in the deposit, As and Cd are also of concern (Akçay and Moon, 2004; Karaçam et al., 2001) . For this reason, both aquatic environments and sediment were ecologically affected. In this study, metal values determined in sub-surface sediment (3-6 cm) obtained from the Sürmene station are higher than those heavy metal concentrations from other stations, and also higher than the results of studies conducted previously in the Southeastern Black Sea. In the present study, results can be explained through the discharge of untreated mining industry waste. Metal pollution is decreasing in comparison with that of previous years, and this is because of the termination of mining activities. Metal concentrations in sediment cores from Sürmene began to increase from a depth of 6 cm from the surface, peaking at a depth of 4 cm, and then slowly started to decrease again closer to the surface. Direct discharge of the mining industry started in 1985. Hence, we can say that the amount of sediment accumulated in 25 years is about 6 cm. This means that the sedimentation rate is about 0.24 cm/year in the Sürmene shore area.
As a result of factor analysis, the first factor explains 71.1% of the total variance and focuses heavily on Zn, Cu, As, Pb, Cd, Cr, and Co. The highest scores of this factor are found in the Sürmene samples, and the known Cu-Zn mining and smelting wastes in this region suggest Cu-Zn contamination and metal removal effects. Therefore, Factor 1 is attributed to mining activities. The second factor explains 13.7% of total variance and focuses heavily on Mn. Since the highest concentration of Mn was found at the Rize station, factor 2 can be explained by the lithogenic effect. The background value of Mn at the Rize station is also higher than at the other stations.
Conclusions
In this study, metal enrichment levels were determined using metal background values for each station in the sediment samples taken from six different stations of the Eastern Black Sea. Neither Mn nor Ni were enriched at any station. The highest levels of metal enrichment were identified to be at the Sürmene sampling station. At the Surmene station, metal enrichment levels were found to be Cu > Zn > As > Cr > Pb > Cd > Co. Mining activities and the effects of shipyards were demonstrated to be the most important factors for anthropogenic metal pollution at Sürmene. At Surmene, Cu was the analyte with the highest concentration, whereas at other stations Mn was present at the highest average concentrations. For all stations, Zn was present at the second highest concentrations. Of the analytes determined, Cd had the lowest average metal concentration for all of the stations. Samples from the stations at Ç ayeli, Of, and Arsin had average metal concentrations of Mn > Zn > Cu > Pb > Cr > Ni > Co > As > Cd.
Although there are a limited number of studies on sediment available, there has been no research using sediment core sampling in the Eastern Black Sea coastal region until this study. Data from the metals determined in this study should be used as baseline reference concentrations for future metal pollution monitoring programs in the coastal Eastern Black Sea sediment. Despite the heavy metal concentrations at the Sürmene station decreasing in recent years, further studies will be necessary to fully clarify the highest metal concentrations along the Sürmene shoreline.
